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R.e: Arthur Andersen SCIS Study
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whether the SCIS model was run using the "a.verace" or "incremental" set of cost
assumptions. The impact of this assumption is imporrant (or severa! n:asons:

(A) I have been involved in several analyses invoJvine state commissions where it
appeared that an LEe utilized the "a.verqe" version of one SCIS feature (or vertical
service) module, while it usee the "ina'ementar version in I different module for a.
similar service. By similar services 1 mean services that consume similar central office
resoun:es, e.I•• line terminations or processor cycles. In some cues, the former
•average" assumpcion was used for a feature associat.ed with I monopoly semce.
whera.s the laaer type of SCJS run wu performed for feaa.m:sthat mipt be associated
with c:ompetitive services such as "c:enuu" o(ferines.: Thus, the sensitivity of the
SCIS outpUt daIa to these types of assumptions must be pan of the inquiry. Anbur
Andersen's analysis should include the substitution of "averqe" for -inaemenw" cost
assumptions in SOS runs to the extent this is feasible. If it is not feasible. Arthur
Andenen should identify the reason(s) why. with rapect to each BSE study item for
each affected RBOC.)

(B) The term "incremental" can mcao either that the SCIS snsdyassumes the use of
wholly new capacity by the vertical feature, or lhat the fQtUre occupies otherwise spare
~ty. The consequences of these different ·incremental· capacity usumptions andIor
avenge cost assumptions may be quite significant. The Be11core presentation sheets used
at the May 13 meetinc illustrate the uses of .capacity. (see p."823.()02·). Anhur
Andersen must be able to repon what assumptions. sets. of conditions or ocher factors
were applied to capacity costs by each DOC with respect to each BSE study item. That
is. the consultant's analysis should specify whether average, shan-run incremental (i.e••

2. Many RBOCs now have Lmlcnames associated with centrex. like Cenaon, Pleur or
DCOSS.

3. To the extent that the audit does not or cannot identify this effect. the FCC should
require each RBOC to file a list of each SelS SYStem basie or feature module that it has
submitted as cost suppon with any state commission in the last three (3) years and state the
assumptions, inc1udinC -averace" versus ·incremental- chat were used. This material would
consist of lists, rather than the underlying SClS cost runs and workpapcrs. that can be used
for comparisons between rate selting teehniques used for different RBOC central office
features.
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using spare) capacity or long-run incremental (i.e.• using only added) capacity] was
assumed for each study item.

(C) The same sheet from May 13 (p. 823'()()2) notes that the -till factor- used to
calculate usable capacity may be a time value calculation. Arthur Andersen should test
the effects of different time values. Differences in RBQC.\' ttirDuntina perioda Mould,
if poSSIble, be equated to a common time horizon as well as a common discount rate.
The Commission's Pan 64 cost allocation rule requires that RBOC nonregulated services
be assigned joint costs for the highest usage forecasted over a tlm:e-year period. The
three year period is a relatively short-run horizon, but it is presumptively reasonable
since the FCC has examined the issue in the context of joint cost accounting in CC
Docket 86-111.' The time value fill factor assumptions used by the DOCs should be .
rerun for each BSE study item using the three-year value.

Third, the November 26, 1991 petitions concerning the ONA tariffs identify vast differences
in rate levele for BSEa whose ~cin1Ate:d «J~d per RHUl; is genenlty proportional to
underlying BSA demand for the same camer. -ean billing number delivery- is one good
example. Thus, the analysis must consider the mix of facilities that each RBOC assumed
would be used to serve the demand for each BSE. The Arthur Andersen study should
identify the number of facility units (e.g. central office equipment) usumed by each RBOC
for each BSE study item. The Be1Icore portion of the May 13 presentation (p. 823.005)
might be interpreted to suggest that any given SSE will have a facility usage value that is
-hardwired- in the program (in this case, milliseconds). This is not the case, however, since
facility parameters are input into several types of SCIS modules. Therefore Arthur Anderson
needs to identify the different input values assumed by each RBOC for each BSE study item.
It would be useful for Arthur Andersen to identify the source of any facility usage
assumption, as well; i.e., is it based upon actual RBOC data (like three-way calling holding
times), forecasts, etc.

Facility usage units will involve traffic factors such as milliseconds of holding time.
processor cycles. caU CCS (hundred call seconds, average call duration) or BH CCS. They

4. Indeed. the cost allocation ruJe in question was devised in order to create more equal
conditions between costs incurred by RBOC enhanced services and services offered by
competing providers. It makes sense to use the same time period in order to examine and
compare calculations for BSEs that are supposed to benefit these same competing providers.

ARTHUR ANDERSEN A Co. SC
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5. I have utilized selS input and output data in several contexts, including comparing .
getting started cost estimates and assumptions. without ever looking at the underlying switch

(continued...)

Cnarles .t1unter

Re: Arthur Andersen SCIS Study
May 21, 1992
Page 4
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Based upon my experience, it should be relatively easy to use the 50S inputs, usage
assumptions and relative outputs in order to perform the -benchinark" analyses that the ONA
tariffs demand so clearly. Many facets of SCIS can be disclosed to parties who have been
willing to sign the confidentiality agreement. Many of the illustrative "redacted· versions of
the proposed Arthur Andersen output tables (generally page 2 Of 2 of the Attachments)
contain data that do not in any way compromise either the vendors' interests in the their
price data or, Bellcore legitimate interests in its intellectual property. This information
simply cannot be "reverse engineered- so as to cause disclosure of such information. Many
variables will have been blended together by the time Arthur Andersen will produce the types
of output tables illustrated. Without detailed access to the types of limited data that are the
subject of the confidentiality concerns, these data cannot be reverse engineered. J Arthur

Finally. it is very important that the. Arthur Andersen analysis be specified so that any
redacted material should be carefully designed to fulfill the purposes of the FCC's non­
disclosure order. As I understand it, the purposes of holding some of the SelS-related
confidential are <a> to preserve Bellcore's possible commercial interests in the software code
and (b) to prevent the disclosure of data submitted by vendors of central office equipment.
L.. Selwyn I a memo of Mart;h 23, 1992 W you already has described why the redacted
information made available to date cannot be used to provide an adequate analysis of the
RBOCs' varying uses of SCIS and widely varying cost results. Additionally, that memo
noted, and I hereby confirm based upon my personal knowledge, that the access to SCIS
afforded by Bellcore in the context of the ONA tariff investigation is far more limited aDd
restrictive than the access permitted in many state regulatory proceedings - where the state
regulators have precisely the same objectives with respect to the protection of vendor data
and software code as does the FCC.

also involve, as the Bel1core presentation notes (p. 823'(l02). terminations, like various types
of uunk terminations (e.g.• at end office, at tandem switches, tie-trunk terminations, trunk
and line card modules. Every such facility unit should be identified and subjected to
sensitivity studies using the RBoe:;: average number of units for a particular BSE versus the
number input or assumed by a specific RBOC whose results are being subjected to be
sensitivity analysis.

•,
•••••
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Charles Hunter
Re: Arthur Andersen SCIS Study
May 21, 1992
Page 5

Andersen's March 30, 1992 letter transmitting the work plan to Be1]core, attached to the.
May 13 meeting ma!erial, does not appear to properly distinpish the types of data subject to
redaction from the types of averaged, higher level cost ruuJu that should be disclosed UDder
current practices.'

In some fifteen years of exposure to various versions and reiterations of the Switching Cost
Infonnation System I have found seIS data to be quite helpful in analyzing~ pricinl
practices. It may still prove useful in the FCC's context, but only if the Arthur Andersen"
audit and the resulting work products are carefully designed to address all issues that may be
affected by SClS and to produce meaningful public analysis.

s. (...continued)
vendors' data and I have never had the need to examine the internal workings of the software
itself.

6. By way of comparison, the Bureau's NARUC ARMIS letter (Richard Firestone to Paul
Rodgers, November 7, 1989, FOIA Control No. 89-191) seems to make it clear that data­
wiJl not be withheld from interested panics merely because it would embarrass the carrier or
lead to results, such as changes in filed tariffs, deemed undesirable by the carrier. The same.
logic seems to apply here, except that the ARMIS matters partly involve data concerning
non-regulated services that are presumptively competitive whereas BSEs are certainly
monopoly services.

I
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Room 32"5FJ
295 Nont1 Mea.. Awnue
BaM/no AI•• NJ 07$20
908 221-43&3

He: Investigation of ONA Tariffs
cc pocket NO, 92-91

1. Axthur Andersen should review the criteria
used' in each. company to select the offices cho.en to
CTeate the model offices •. If the 'BOCa ~sed a sample;of
officeB, Arthur Andersen should doc~nt the method for
selecting these offices. Arthur Andersen should comment
on the statistical validity of these selectionl.

2. Ar~hur Andersen should ~ocument the
jurisdictionel characteristics of the traffic data use~ in
the studie. that underlie the TRP data filed with the
NoveMber 1. 1991 inters tat. ONA tar1!fs.

Cear Mr. 'armet:

Pursuant to the Common Carrier But.au's May i14,
19'Z letter to int.rven~rs 1n this proee.din;, ATiT
submits the following reque.ted revisions to the
m.tho~olo9Y for review of the SCIS and SCM model,
described at the. May 13 briefing from your firm. AT&T
believe. that these revilions will materially improve the
r.lults of the review proc.... AT&T also seta forth it.
un4arstandinQ of certain activities that are alr.ady
involved in the review process, or which your firm
undertook to include in the review, based on the
discuasions at the May 13 briefinq .easton. If, contrary
to AT.T's understandinq, any of these activities has not
already been made part of the review proceS8 as modified
through the May 13 discussions, AT'T requeats that tbe
review proce.s be revised to include these items as w~11~

James I. Farmer
Arthur Andersen & Co.
33 W.st Monroe Street
Chicago, Illinois 60603

Proprietary. For use by Arthur Andersen
the FCC. Bellcore. and the BeD •
Operating Companies only,
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i
S.. Va4arstandings'D 1:0 the Current S;op. qt· "yin·1

3. Arthur Anderl.n Ihould identify and review
the results of any audlt~ Itte.tation, procedural review
or aimillr study perfotmed on SeIS Indlor SCM that hi'
been filed in any intrastate proc••d1n;. Its redacted
=eport .houl~ identify the peraon or company that
perfotmed each such study, the jurisdiction in which the
study wa. filed and the title and/or doc~et number of the
proceedin9, Ind describe all relevant£lndin;s 1~ tho.e
studies concernin; these model••

•• Arthur Ander.en should review any test~ny

filed in state proceedings reqlrdinq the rea.ona~leDe•• or
tel1abi11ty of the use of ICIS and/or SCM to provide
inv.stment and/or eost support. Arthur Ander.en, as plrt
01 lt~'redact8~ report, shoula list all of the·proc."ings
a~ i~ent1fy the testimony reviewed, and describe all
factual information therein relevant to the fin4i n9s in
its cUfrent review.

ARTHUR ANDERSEN. Co. SC

12

1. AT'T unQerstands th~t Arthur Andersen 18
currently performinq tests, as part of ita review on SCIS
and SCM, that will me.sure the degree of clolure in the
models. (AT.T define. closure as the sum of all of tb.
investment primitives plul all of tbe switch feature
investments bein9 equal to the total capital inv••tment of
each ·.witch type~ in both the "av.·rage- and "marginal­
proce.ling -modes.) AT&T ther.fore expects that ~he degree
to which the model mi.ses the closute point will b.
documented by company and switch type in the redacted
version of the repo:t.

2. AT&T und.rstands that Arthur Ander.en 1.
curr.ntly perform1n9 "sensitivity· analy••• on all lftput
variables in each switch type an4 company. AT.T expects
that this information will be provided in the redacted
report to the extent that switch vendor specific price

.cUlcounts ··ate mlsked to protect. competi tively senalttN'e .
lnformet1on. . ,~

3. AT&T understands that Arthur Andersen till
test the model~, as pate of its .ensiti-vity enaly••• ,1 for
·the variability cau.ed by vendor list.pr1ce·cbanges aDd
·c5iscounts. Thele te.ts will be petforrned by usic; a:,
randomly selected vendor discount and then incrementally
chan;1ng the diacou~t value an~ me.aurin; the chan9.
between these two points. This information will be
provided in the redacted report because the d1aeounts used
will be a random number,

Proprietary. For use by Arthur Andersen
the FCC. Bellcore. and the Bell •
Operating Companies only.
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cc: Office of the Secretary, fCC
Chief, Tariff Division, Common Carrier Bureau

4. AT'T under.tands that Arthur Anderlen will, ..~
.1 part of i~s lensitivity anaIy.is, include an anall.is ~\~
bas.~ upon the most current version of the model_ and ~ \~~.
compare the result! to those produced by the nodel version ~~ U
used for the November 1991 inter.tate ONA tariffs.

S. AT&T underltends tbat Arthur Anders.n will
provi~e the relults of its benchmark senlitivity analYles
by interstate tariff entity fot each 8SE Itudied.

6. AT'T understands that Arthur Andersen will
docum.nt the procedures used by the laCs to a99~.9at.

their SCIS/SCM unit investments up to the interstate
tari(! entity ulin; the TRP. format. .

7. AT'T underltanda that Artbur Anderlen Glans
to further disa;vre9ate elch eate90ry on itl ·pi.- c~.rt

of the causes of variability, so •• to display the
underlyinq cau.es in each category. For esampl., the
sample chart dilplayed one cateqo~ titled "COlt
MQthods. w AT'T's underltandinq is that A:thux Ander,en·ia
planninq to detail the contributing elements in th11:
cate90ry on a sepcrat. pie chart.

..Ploprietary • FQtJ!.S8 by Arthur Wersen.
the FCC. Bellcore. and the Bell
Operating Companies only.
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;.. S·IMPOS::"~! ON }~_qG:;:~iAL COST ':'ECHNIQUES FOR TELEPHONE SERVICES

CONDUCTED BY NAT!ONAL REGULATORY ?,ESEARCH :~rST:::'UTE

PAPER ON

3E~LCORE'S SWITCHING COST INFORMATION SYSTEM (SCIS) COST MODEL

A PRAC~ICAL APPROACH TO A COMPLEX PROBL~~

SUBMITTED ~u~E 20, 1990

BY

VIKTOR SCHMID-BIELENBERG

BELLCORE

DIRECTOR - SWITCHING AND NETWORK COST ANALYSIS

CONTENTS:

I. A description of Bellcore's Switching Cost Information
System (SCIS) and how switching equipment engineering
and provisioning rules (any technology or vendor) are
transformed into mutually independent, physically signi-
ficant investment functions. .

II. An examination of various theoretical approaches consis­
tent with economic theory that mathematically represent
the "marginal" cost of new demand, and how they converge
to what is commonly known as a "capacity cost".

III. An explanation of how the capacity cost approach is
applied to the major investment functions of SCIS, how
non-linearities of capacity added or investment added
are handled, how "dual" limited equipment items are
treated, and how engineered fill factors are accounted
for.

IV. Given the above, practical solutions for determining
the marginal investment of "island" features and ser­
vices (switch based), intelligent network features and
services (SS7 based), and for point to point voice,
data, operator services, etc.

.
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Today, the picture has changed dramatically. Processor controlled
switches (analog and particularly digital) offer an ever increas­
ing number of monopoly and competitive features and services. At
last count, including various vendors of switches, 5elS had algo­
rithms for over 800 of them. Another dimension of complexity is
added with network intelligence. All, basic voice, data, and ver­
tical services that heretofore were "island" services, no~ ~an

use special signals (557) to communicate with distant switches,
for an array of new capabilities with accompanying investment
drivers and functions.

I. DESCRIPTION OF EELLCORE'S SWITCHING COST INFORMATION SYST~~ (SCIS)

a) GENERAL

For cost studies, in those days mostly network services related,
this provided sufficient accuracy. At worst, it failed to dif­
ferentiate costs between a seven or ten digit call. No one had
any inkling of the need for Feature Groups A, B, C, 0 pre and non
pre subscribed, ANI, etc. and their impact on costs.

I
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It is no wonder, that in those days, cost studies involving local
switching were mostly addressing total cost recovery for revenue
requirement purposes. It was not necessary to find a "cost" that
could be used in deciding whether the general public and the firm
would be better off with the introduction (or discontinuance) of
a service. As providers of natural monopoly services, the ques­
tion was not whether to continue or introduce a service, but
rather how to bes~ balance the concept of universal service, an
allowed rate of return, and the greatest pUblic welfare.

The only attempt in creating some similarity to a cost causation
model was in the form of a simple formula, that acknowledged the
existence of three significant cost drivers in a switch: Lines,
Usage, and Calls. ,Or, simply (formula 1):

Total investment of a switch = (1)

Investment per Line (non traffic sensitive) * Lines
+ Invest~ent per CCS * Orig & Te~ CCS (Usage)
+ Investment per Call * Orig & Te~ Calls

In the mid nineteen sixties, stored Program Control Switching
Systems were beginning to appear in the ~opology of the switching
ne~~ork. Their predecessors, electromechanical switching systems,
were poor cousins to these new generation switches in terms of
flexibility and functionality. The older technologies offered
only basic switched services for which there was practically no
competition. To be sure, the No. 5 Crossbar switch offered an
early version of CENTREX, but was limited to basics like intercom
calling, attendant service and call transfer.

Proprietary - For use by Arthur Andersen,
the FCC, Bellcore, and the Bell
Operating Companies only.
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I. A DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION SYST~~

(SCIS) (CONTINUED)

a) GENERAL (CONTINUED)

One thing is clear, the simplistic approach of the three part
formula described earlier, is no longer sufficient. A more com­
plex model is needed that will expand the granularity of the
previous equation (formula 1) to recognize additional investment
drivers. At the same time, the large initial (getting started)
investments, as well as the addition of "lumpy" increments of
capacity and investment over time, needs to be addressed.

From a practical perspective, one needs to build a model that
can actually be used in a business decision process, given the
real world limitations of time, available data, and tractabi­
lity. To be sure, it needs to have sufficient granUlarity
(investment primitives or building blocks) to be useful in
determining cost causation for all available features and serv­
ices, both near term and long term; it needs to adhere to widely
accepted economic principles; and its results need to be under­
s~ood and applied properly.

It needs to incorporate a process that does not arbitrarily as­
sign common investments and expenses, but rather concerns itself
with "what are the avoidable investments and expenses", by know­
ing the maz::ginal investments' and expenses of offering a new
service.

This has an inherent vulnerability to those enamored with the
traditional "cost plus" approach to pricing, therefore, a spe­
cial word of caution. A marginal cost, does indeed provide a
cost floor, and, thus, becomes an element in a pricing decision.
But, by no means, does it provide all the intelligence required
to determine the ultimate "best" price level.

This paper does not attempt to define this "best" price level,
nor does it claim that SCIS will. SCIS, in fact stops at the in­
vestment level, and, only together with local methodologies that
convert marginal investments into costs, identifies the cost
floor, after direct expenses have been added.

Also not explained in this paper, are SCIS options that will
permit a time value levelized equal allocation of spare proces­
sor capacity to all services for total cost recovery. Some of
these options are available to satisfy wide ranging regulatory
needs and applications, but do not pertain to the marginal cost
theme of this paper.

I
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A typical process involves these steps. Investments are computed
through SCIS by entering usage data, call data, lines, trunks,.·
engineered utilization factors, local discounts, etc. for one or
more switches. This results in the vendor's expected charge tC'
the LEC to provide equipment on a building block (investment
primitive) and/or total basis. Then by entering feature or serv­
ice specific data into SeIS, these investment primitives are
utilized to determine specific investments for that feature or
service, either switch specific, or, through a multi switch
weighted average. .

a) GENERAL (CONTINUED)

I. A DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION SYSTEM
(SCIS) (CONTINUED)

­
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At this point, the LEC needs to add local engineering, instal­
lation, and other capitalized items to generate a total .. in
plant" investment. This is the total. capital investment for
switch equipment which can be converted to its annual "carrying
charge" components (depreciation,income tax,etc.). If the equip­
ment requires more building/land, similar components are com­
puted for building/land investments. Equipment and buildings/
land need to be maintained and incur administrative and other
direct expenses. These become an additive component to the
recurring capital expense components discussed before. The sum
of all of these annualized recurring costs represent the yearly
recurring cost of the investment that was generated by seIS at
the beginning of this process. This paper will utilize the term
investment, recognizing that the above relationship exists.

The next section will explain how SCIS converts prov~~ioning

rules and capacitles of major switch components into investment
functions. The process, although technology and vendor speci­
fic, is consistent for all, and uses the same principles.

SC!S methodology uses a philosophy of practical simplicitv
wi-:hout sacrificing expected accuracy or viola~ing economl~
theory. This, we believe, is indeed the desire of all involved
in providing cost support (cost analysts), in requiring cos~

support (regulators), in using cost support for business deci­
sions (marketing and pricing groups), and in reviewing and
defending cost support (economists and witnesses).

One should briefly define the relationships between investments
and the final cost of a service. An investment, as used in this
paper, is the vendor's charge (forward looking) to the local ex­
change carrier (LEC) for providing equipment required to perform
switching functions for various features and services. It op­
tionally includes vendor engineering and installation. Each lo­
cal exchange ser.vice provider needs to go through a lengthy
process to convert this investment to an annual recurring cost.
This final cost considers all direct contribu~ing factors that
are required to "carry" or pay for, to house, to maintain, and
to administer the investment.

Proprietary - For use by Arthur Andersen.
the FCC. Bellcore. and the Bell
Operating Companies only.



I. ~ DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION SYSTEM
(SCIS) (CONTINUED)

b) TRANSFO~v~TION OF ENGINEERING AND PROVISIONING ROLES FOR SWITCS­
I~G EQOIPMENT (ANY TECHNOLOGY OR VENDOR) INTO MUTOALLY INDEPEN­
DENT, PHYSICALLY SIGNIFICANT INVESTMENT FUNCTIONS.

A ~roble~ that =oncer~s itself only with the total investment of
a switch, can be solved by composing an equation that recognizes
the important invest~ent drivers of a switch. Then by varying
these drivers over an accepted range of sizes, one can do mul­
tiple regressions or regression hyperplanes that have multiple
correlations or partial correlations. The result might be of a
fo~ (fo~ula 2):

I
•

Total investment = Constant + F (Xl' X2 , ..••••• Xn ) (2)

where Xl to Xn are the investment drivers of the function F .

Fj (Xm, ••••••• Xn )

where Fl to F· are functions, all with one or more investment
dr i vers , some' shared by several investment functions. At the
same time, some of the drivers may be functions of other
drivers. This creates situations, where each individual function
has no physical significance, but the sum of all functions, pre­
dicts the. ~otal investment extremely well.

This approach, and sometimes approaches used in econometric
models, can indeed be valuable predictors of the total invest­
ment of the switch, given a set of investment drivers. The
problem is, that often such approaches, although good predictors
of total investment changes, are not good predictors of the in­
vestment change caused, if only one or a few of the drivers are
varied. Or, for our purpose, the above would not be good pre­
dictors of the marginal investment required for introducing a
single additional feature. The individual functions or terms of
the equation have no physical significance, and therefore ~an

only be applied together, and not individually.

To~al investment = Constant + Fl (Xl' Xi' ••• Xm) + (3)

ARTHUR ANDEJUEN .t: Co. SC
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or of the form (for~ula 3):
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I. A DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION ~YST~~

(SC!S) (CONTINUED)

b) TRANSFORMATION OF ENGINEERING AND PROVISIONING RULES FO~l SWITCH­
ING EQUIPMENT (ANY TECHNOLOGY OR VENDOR) INTO MUTUALLY INDEPEN­
DENT, PHYSICALLY SIGNIFICANT INVESTMENT FUNCTIONS. (CONTINUED)

This is the primary reason, that SCIS uses a bottom up engineer­
ing approach. It is important to know, what investments are
caused by introducing a specific feature or service, and, how
different aspects of that feature cause investment differences.
For example, one might want to know, if the number of digits
dialed varies in the activation code, what is its marginal in­
vestment.

Therefore, the seIS approach use~ ~ultiple, single independent,
but physically significant inve~~: ~ functions, that, when one
or ~ore of the drivers are appl~~ ~ill predict individually,
and collectively, their effect on ~r.; individual an~ total in­
vestment. The equation for this is in the form of (formula 4):

Total investment = Const + F1(X1 ) + F2 (X2) + ••• + Fn(Xn ) (4)

where Xl to Xn are independent investment drivers, and F1 to Fn
are each sign~ficant investment functions that depend on their
driver and their investment driver only. An exception occurs,
when an equipment unit has a dual capacity and ,therefore, two
simultaneous investment drivers (See III.c.). Otherwise, no de-
pendencies exist between investment functions. This is exactly ) I
what one needs in identifying marginal investments. Regardless
of what changes, how it changes, and what unrelated event hap-
pens simultaneously, the marginal investment can be computed.
This independence of terms is often lacking in top down models
or models using regression hyperplanes (multiple correlations).

The process for building the SCIS approach is lengthy for the
SCIS modelers at Bellcore. But it is manageable, if a consis­
tent, systematic method is used. The advantage, once modeled, is
that the SClS system from a LEC cost analyst's perspective, is
practical and relatively simple to use, although it has over 800
different features and services built into it. This is not to
mini~ize the cost analyst's effort to gather local data for SClS
inpu~s and the effort to convert SClS investments into costs as
described earlier.

SCIS investment functions need to be created for each technology
(analog and digital), vendor (A.T.& T., NTI, Siemens, Stromberg
Carlson, Ericsson, etc.), type of switching node (host, rem~~e

type, tandem, ISDN and non-ISDN, SP/SSP, etc. ) and major cost
driver (identified later). To maintain its status as a forward
looking cost model, SCIS is reviewed and updated periodically to
refl~ct new equipment, new engineering rUles, new vendor list
prices~ new capacities, etc.

) ,
/

•
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These investment pri~itives and their drivers have been iden­
tified as follows:

5) outgoing and Incoming (O&I) CCS - This determines the total
trunk side CCS investment.

ARTHUR ANO£ltSEN .t Co. SC
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6) originating Calls - This determines the total investment
tor processing originating calls (any equipment used in the
dialing of call - normalized to 7-digits).

1) A constant - The Getting Started Investment ( Any equipment
that needs to be purchased, independent of initial switch
size or traff~c served whenever a switch runs out of overall
capacity of its most limiting resource ). This is generally
the main processor complex and any other equipment required
when a whole new switch is put in to provide more capacity
of that most limiting resource (ie. CPU time, milliseconds).

2) Milliseconds (Equivalent Calls or Half Calls) - This in­
vestment driver as well as physical terminations determine
the Distributed Processor and related equipment investment.

~) Number of Lines (including administrative spare), by type
(i.e. analog ,integrated digital loop carrier, ISDN) - The
number of lines determine the investment for equipment dedi­
cated on a one for one basis regardless of usage or calls
(this is also called non traffic sensitive).

4) Originating and Terminating (O&T) CCS per Line, by type ­
This determines what type concentration is required on the
line side, and the total line side CCS (O&T) determines the
total line side CCS investment.

To actually derive the investment functions, one must obtain
vendor provis i oning rules, capacity tables, equipmen't: interde­
pendences, list prices, and other information proprietary to the
vendor. This aspect, together with the intellectual property na­
ture of the model development effort, often requires that SCIS
information be kept confidential and proprietary.

The next step is to look at the functional aspects of a switch,
and to determine what investment drivers present the smallest
set required for determining physically significant investment
building blocks or primitives of all features and services of a
switch. Please refer to Figure 1. .
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I. ~ DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION SYSTEM
(SCIS) (CONTINUED)

b) TRANSFORMATION or ENGINEERING AND PROVISIONING RULES FOR SWITCH­
ING EQUIPMENT (ANY TECHNOLOGY OR VENDOR) INTO MUTUALLY INDEPEN­
DENT, PHYSICALLY SIGNIFICANT INVESTMENT FUNCTIONS. (CONTINUED)
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I. A DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION SYST~~

(SCIS) (CONTINUED)

b) TRANSFORMATION OF ENGINEERING AND PROVISIONING RULES OF SWITCH­
ING EQUIPMENT (ANY TECHNOLOGY OR VENDOR) INTO MUTUALLY INDEPEN­
DENT, PHYSICALLY SIGNIFICANT INVESTMENT FUNCTIONS. (CONTINUED)

7} Terminating Calls - This determines the total investment for
processing terminating calls ( any equipment used in the
ringing of a line).

8) outgoing Calls - This determines the total investment for
processing of outgoing calls that use inband signaling
equipment for notifying a distant office and transmitting
digits.

9) Incoming Calls - This determines the total investment for
receiving of incoming calls that use inband signaling
equipment for acknowledging receipt of a call from a distant
office.

special Hardware is recognized through additional functions:

~O) Touch Tone (DTMF) Calls - This determines total additional
investment for OTMF equipment.

11) Feature Usage or CCS - This determines investment required
for special hardware items such as 3-port circuits, 6-port
circuits, announcement channels, etc.
Other hardware is provided on a one for one basis, such as
make busy equipment for make bUsy keys, sensing equipment,
etc.

12) Memory Bytes - This determines investment required for
memory by type.

13} Signaling Octets - This determines the investment reauired
for equipment used for out of band (SS7) signaling at the
switch (SP/SSP).

14) ISDN Access Packets by type (per second) - This determines
the investment required for ISDN access packets (non dedi­
cated equipment, otherwise it is a function of lines).

15) Data packets by type (per second)- This determines the
investment required at the switch to access the packet
switched network or another ISDN colocated line for packet
traffic.
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I. ~ DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION SYSTL~

(SCIS) (CONTINUED)

b) TRANSFORMATION OF ENGINEERING AND PROVISIONING RULES FOR SWITCH­
ING EQUIPMENT (ANY TECHNOLOGY OR VENDOR) INTO MUTUALLY INDEPEN­
DENT, PHYSICALLY SIGNIFICANT INVESTMENT FUNCTIONS. (CONTINUED)

The above drivers are the smallest set required to capture all
the investment :unc~~ons for all vendors. Some o~ the investment
functions may ac~~ally be zero, where a vendor's architecture or
the available capacity does not require the purchase of any ad­
ditional equipment to perform one of the described tasks. (i.e.
varying a particular driver does not result in the purchase of
additional equipment, either short term or long term).

For each switch type, each investment driver is examined to see
what equipment components are a function of that driver. One
cannot stop with the first component, but must continue examin­
ing all engineering rules until no other component as a function
of that driver 'is found in a potentially long chain.

A very simple example is the provisioning of the non traffic
sensitive par~ of the line. Each line may require a fraction of
the investment of that main frame based on its line capacity,
but it also has to be cabled out to a line peripheral, it also
has to be protected for current surges, and that protection is
mounted on some other piece of equipment, it also needs a test
kit fer so many lines, and en and on. only when every engineer­
ing rule has been examined to see if anything in a long chain of
events is still a func~ion of the number of lines can one go on
to the next investment driver.

By examining each of these drivers for different size switches,
one can determine if the particular function is linear or non
linear. Sometimes Poisson effects come into playas efficien­
cies of scale are achieved. This is particularly true in analog
and electromechanical switches. However, it has been observed,
that with very few minor exceptions, digital switch investment
functions are linear.

Once this bottom up process for building physically significant
investment functions (also called partitioning) has been com­
pleted by Bellcore, a specific total investment function can be
created. This is in the form of formula 4 & 5, also referred to
as the Model Office Equation (MOE). Please look at Figure 2.

I
I
l
I
I
I
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A DESCRIPTION OF BELLCORE'S SWITCHING COST INFORMATION SYSTEM
(SeIS) (CONTINUED)

TRANSFORMATION OF ENGINEERING-AND PROVISIONING RULES FOR SWITCH­
ING EQUIPMENT (ANY TECHNOLOGY OR VENDOR) INTO MUTUALLY INDEPEN­
DENT, PHYSICALLY SIGNIFICANT INVESTMENT FUNCTIONS. (CONTINUED)

The model office equation is of the form (formula 5):

Getting started Investment
+ Distributed Processor Investment per millisec * milliseconds
+ Minimum Invest~ent per Line * Lines (by line type)
+ Investment per O&T CCS * O&T CCS (by conc. ratio & line type)
+ Investment per O&I CCS * O&I CC5 (by trunk type)
+ Investment per Originating Call * Originating Calls
+ Investment per Terminating Call * Terminating Calls
+ Investment per outgoing Call * Outgoing Calls
+ Investment per Incoming Call * Incoming Calls

,-

1 I.

I

1
·r b)

Total investment of any switch = (5)

plus any special equipment:

+ Investment per DTMF Call * DTMF Calls
+ Investment per CC5 for each Special_Hardware(5H) Item * SH CC5
+ Investment per 5H item * 5H items
+ Investment per type of memory byte * memory bytes
+ Investment per signaling (557) octet * octets
+ Investment per I5DN access packet per second (pps) * pps

(by type)
+ Investment per data pps * data pps (by type)

For rare cases, it is possible that one of the above call equa­
tions is of the form (non linear):

A * Calls B , where A is a coefficient and B an exponent

If the model office equation has been developed correctly, it
should now accurately predict the forward looking investment re­
quired to add any of the units expressed by i ts driver. Of
course, it should be verifiable for any size switch, engineered
and priced out by the vendor or by a mechanized tool provided by
the vendor. The Bellcore model and the vendor tool reflect two
different approaches, created by different teams. Therefore it
is appropriate to consider the vendors tool used for actually
ordering equipment as a base line for comparison to the Bellcore
model. This is done over the complete range of capacities of the
switch for the major part of the model office equation with ..an
average error of less than three percent. The spec::l hardware
items required are directly linked back to vendor prices and
prOVisioning rules, and are added verti~ally to the base invest­
ment.
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II. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES CONSISTENT
WITH ECONOMIC THEORY THAT MATHEMATICALLY REPRESENT THE "MARGI­
NALti INVESTMENT OF NEW DEMAND AND HOW THEY CONVERGE TO WHAT IS
COHHONLY KNOWN AS A "CAPACITY COST".

a) GENERAL

Fer the purpose of discussion of the next part of this paDer,
Figure 3 is used to represent the most commonly experienced
situation when dealing with Switching Equipment. As one can see,
switching equipment is purchased, sometimes in rather sizable
"lumps" of capacity. It may take several months or years, before
this capacity is used up, and another similar unit needs to be
added.

If one just added one unit of demand, and no immediate addi­
tional investment for the next unit is required, one could draw
the conclusion that there is no marginal investment. This may be
true for the short term, and, if appropriately applied,- is the
correct conclusion. This may also be true for the long term. If
the remaining capacity of an equipment unit is so great, that it
will never exhaust, then the introduction of a new service has
no inves~ment impact, and, therefore, the long run marginal in­
vestment is zero as well.

Although such an approach is appropriate for the instances cited.
above, it does not apply to the more common case in which the·
introduction of additional demand does cause the purchase or the
advancement of a next equipment unit. Often, capacity is pur­
chased in relatively large chunks, resulting in lumpy investment
steps over time, which are advanced as additional demand is in­
troduced. This advancement has a real economic cost, which is
defined as the marginal cost (investment) in this paper. By not
allowing the entry of the new demand, the advancement of the fu­
ture investment steps is avoided.

Figure 4 shows a simple situation where a baseline case of
demand triggered a new investment step every two years, as op­
posed to a base line case plus some added demand which advances
the investment steps by one year, for ever. Although the impact
in the first year is zero, the long term implication of adding
dem~nd is the advancement of future investments.

A numerical example is used in Figures 4A, 4B, 4C, and 40 to il­
lustrate that the sum of the present values of the advanced in­
vestments (investment changes) divided by the sum of present
value of the demand changes approaches the result obtained by
simply taking the Investment of one unit and dividing it by.~ts

available capacity ("capacity cost"). Since that is not obvious
nor ~otally intuitive, it can also be shown mathematically.

Proof I, was developed by Jay Lee and Viktor Schmid-Bielenberg,
Bel~core, SCIS group, for the purpose of this paper, to show
mathematically, why the numerical example of Figures 4 through
40 2?proached the "Capacity Cost" for a general case. (~I. b.).
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a) GENERAL (CONTINUED)

Proof II, an adoption of the above for this paper, by Jay Lee
and Viktor Schmid-Bielenberg, Bellcore, SClS group, shows that
this more complex case also equals the "capacity cost". (See
II. b. )

II. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES CONSISTENT
WITH ECONOMIC THEORY THAT MATHEMATICALLY REPRESENT THE "~GI­

NAL" INVESTMENT OF NEW DEMAND AND HOW THEY CONVERGE TO WRAT IS
COMMONLY KNOWN AS A "CAPACITY COST" APPROACH. (CONTINUED)

AIlTKUIlANDERSEN", Co.SC

This approach has the following short term marginal cost conse­
quences: A low marginal cost, if demand arrives close to the
last capacity installed; but a marginal cost spike or high mar­
ginal cost close to exhaust of the last capacity installed. The
reason is that the time value of the change in investment ad,c,ied
is cl.vided by the time value of the change in demand. The deno­
mincl':.or gets smaller the closer one gets to introducing the
dem~nd before the next investment is needed (Figure 6A). In a
totally deregulated environment, with complete pricing flexibi­
lity, a low price encourages market entry, while spare capacity
exis~s, and a high price discourages market entry near equipmen~

exhaust. This tracks with the above marginal cost approach.

A1JbIWlN

other variations occur, if the next investment step is dis­
similar to the first one, the third one dissimilar to the second
one, etc. (but the difference is not a simple function of
inflation). This is the case with SS7 links and associated
equipment. The investment for the first link, pair is greater
than the next, which is qreater than the next, etc. Capacities
added could vary as investments are added as well. (No Figure)

A modified IIcapacity cost" approach exists, even for this added
dimension of complexity, but no proof will be presented for the
sake of brevity.

Figure 6 (U S West Communications, SCM Group, San Diego Industry
Forum on Telecommunications Costing in a Dynamic Environment,
April 1989, Richard W. Foster and Robert M. Bowman) is similar
to Figure 4 except that the demand increase materializes some­
time after the last capacity addition at a redefined IIToll (i.e.
the first recovery period is shortened). As a consequence, the
closer the new demand arrives to the exhaust of the .present
capacity, the greater its marginal cost burden, especially if
one only includes the effect of the next advancement of invest­
ment.

Figure 5 is a more complex version of Figure 4; a situation that
looks at added demand that does not have a constant relationship
to the baseline (i.e. their slopes are not the same). A Memoran­
dum by Ray Hayes, Bellcore in 1976 (formerly Bell Laboratories),
case 36279-52, used a more general formula to prove that wi~h

practical assumptions, even this more complex form equals the
IIcapacity cos~lI.
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a) GENERAL (CONTINUED)

Proof III is an adoption of the above US West Communications
formulation, by Jay Lee, Bellcore, SCIS group, and shows mathe­
matically that the steady state marginal cost for this case also
equals 'the "capacity cost".

II. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES CONSISTENT
WITH ECONOMIC THEORY THAT MATHEMATICALLY REPRESENT THE "MARGI­
NAL" INVESTMENT OF NEW DE.'!AND AND HOW THEY CONVERGE '1':> WltA'1' IS
COMMONLY KNOWN AS A "CAPACITY COST" APPROACH. (CONTINUED)

ARTHUR ANDERSEN. Co. SC

The benefits of this simplifying approach go way beyond the time
saved by the cost analyst and the model developer. They also
permit the use of ve~ifiable cost support in regulatory proceed­
ings, without having to rely on long term individual service
forecasts, or other complex processes.

Any alternative to this practical and tractable approach, would
require a complexity that is not justified, and maybe imposs­
ible, given the limitations of data availability; of resources,
human and other; and of turn around time to perfonn cost
studies •

All of the above, seemingly different situations, provide a
uniform platform for using the "capacity cost" concept for an
array of complex investment functions. Whenever equipment is
provided over time, with lumpy investments and lumpy capacities
added, this simplifying approach will not sacrifice accuracy nor
economic validity.

The next section, II.b., shows mathematical proofs justifying
the use of what is commonly known as the capacity cost for an
array of different situations. They are not all inclusive, for
the sake of brevity, but they represent the most common real
situations.

If one were to "time value weight" the initially low marginal
ccs~ with the ever ~ncreasing marginal cost (until eXhaust is
reached) and then wit~ the ~apidly decaying marginal cost (afte~

the next unit is installed), a steady state marginal cost is
found, and, to almost no surprise, it also equals the capacity
cos~. Another way of saying this is, the same steady state cost
(capacity cost) is reached if demand arrives randomly over the
"To" period .
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Proof I.

(2)
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q = capacity of machine or equipment unit (CAP)
p - investment of machine or equipment unit (Il'l"V)
i" - initial demand at t =0
d == an increase in demand
6 ==f.n(l+i)
1 == interest rate
tj = points in time at which an additional machine or equipment unit is added

CC = capacity cost
PVC = change in present value of investment
PVD = change in present value oi demand
:'vlC = marginal investment

LR.\fC = iong run marginal investment

This rela.tionship will be utiliud throughout the proofs.

Common Definitions

For mathematical concvenience discrete compounding (1 +- Ij IS· transformed into continuous
compounding e 6 by letting

(1 ~ i) = e S . ( 1)

By taking the natural log on both sides of the equation (1), one .gets 6in e = tn(l +i) or
.5 = in (I ~i). One C:ln always find a number () such that (1 +i) = e' :lnd thereiore e~ C:1.n be·
used instead of (1 + Ij without loss of validity and genera.lity ..

Also,

-.-,;;1~ = (1 + i)-1
(1 + i)

Definitions:

To demonstrate the relationship between marginal investment and the capacity cost theory,
the following notations are used (see Figures 3 and 4):

b) Mathematical Proofs

II. Al~ EXA.:.\1INATIO~ OF VARIOUS THEORETICAL APPROACHES
CO:"SISTENT \VITH ECO~ONIIC THEORY THAT ~1ATHE~1ATICALLY

REPRESEl"T THE ·'~L-\.RGL~AL" I~'"VESTMENT OF ~E"V DEMA~D, A.1~D

HOW THEY COz\"'VERGE TO \\'HAT IS CONINfO~LY KNO¥lN .-\.5 A
"CAPACITY COST:' (Continued)
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II. A.l" EXk\HNATIO~ OF VARIOUS THEORETICAL A.PPROACHES
CO='lSISTENT \v'1TH ECONOMIC THEORY THA,T y1ATHE~1ATICALLY
REPRESENT THE ":\fARGINAL" IN\t~ST:M;ENT OF );'E\V DE~!A.'\"'D, AND
HOW THEY CO)''V"ERGE TO \VRA.T IS COMMOi\iLY KNO\V0i AS A.
"C.APACITY COST," (Conr.inued)

b) :Mathematical Proois. Proof 1. (Continued)

t

Detailed Equations:

If we assume that an increase in demand (d) is not greater than the rema.ining capacity of the
machine or next equipment unit at t =0 (0 < d < q -e,), the first addition of a new machine
or equipment unit will be made when

e,~dtl=q anci

q-t,
tl == ,

a

Similarly, a second addition wiiI be made when

Hypothesis:

The ca.pacity cost (CC) is defined to be:

cC = investment of machine or next eauioment unit = 8 = INV
~ capacity oi machine or next equipment unit q C.4.P

From the economic theory. t:te marginal investment (.\Ie) is determined as:

\'C = \ C = PVC : .\Ie = CC. · ~q PloD

l
,
I

i­

I,
{, - dt'1 = '2q and

(1)

(3)

(4)

f.

r

I
,
I
I

In generaL

jq-€,
tj = , j == 1, 2, ... ,00

d
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II. A.l~ E:x:AJ.\1I~ATIO~ OF VARIOl:S - THEORETICAL APPROACHES
CONSISTENT \VITH ECONOMIC THEORY THAT :MATHE:\-IATICALLY
REPRESENT THE "y1ARGDlAL" E~VEST~E:"T OF ~EW DE~v1A~D, AJ.~D

HO\V THEY CO~"VcRGE TO \VlL<\..T IS COMMO~LY KNOWN AS A
"CAPACITY COST." (Cont.inued)

b) ~athematicalProois~ Proof 1. (Continued)

I
I
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II.
I

(9)

(8)

(6)

(i)
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pvc M'e;i
LRJ,!C = PVD = d

PV'D = ,.:xl d . e--51 dt = !l..
·0 {)

Then. the long run marginal investment (LR.\fC) is expressed 3.S:

Detailed Equations: (Continued)

The present value of investment (PVC) is determine as:

:xl 1
PVC = 2: 3· ( .)1

:-1 1+1 J


